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Abstract 
In practical cases, the use of a renewable energy device with a DC-DC converter is preferred to a single device alone 
for the purpose of compensating unstable output power and intrinsic limitations of the device. However there has not 
been fundamental understanding how to transform the device internal properties not only the output current and 
voltage. Therefore, a fundamental understanding of the DC-DC converter is urgently required. In this study, we 
investigate the fundamental role of a DC-DC converter when connected with renewable devices. We use a graphical 
and mathematical method for qualitative and quantitative analysis. The analysis is model-based and done for boost, 
buck and buck-boost converters, respectively. We find that the essential role of the DC-DC converter is to transform 
the fundamental electrical properties of a device to suitable properties for the load.  
Keywords: Fuel cell; DC-DC converter; graphical approach; 
1. Introduction 
Due Figure 1 illustrates how the current that is supplied to an electrical load is determined without a 
converter, which is called a passive operation. In a fuel cell, the internal resistance has to be adjusted in 
order to properly conduct the current supplied to the load. And, in a battery, the open-circuit voltage 
(OCV) is adjusted to supply current to the load because a change in the internal resistance has a relatively 
smaller effect than a change in the OCV.  
However, previous studies on coupling fuel cells and DC-DC converters have focused on developing 
an effective DC-DC converter to compensate for the intrinsic drawbacks of fuel cells, such as slow 
response and difficulty with cold starting. The research directions regarding the converter are classified 
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into two main areas: developing novel control logic [1, 2] and developing hardware [3, 4] for power 
sharing of each energy device. Many powerful efficient control logic schemes and robust topologies have 
been proposed in previous studies. These studies are not considered to be fundamental for the role of DC-
DC converters and the characteristics of devices.  
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Fig. 1. I-V characteristics change without a converter: (a) fuel cell with humidity control; (b) battery with state of charge control 
In this study, we investigate the practical role of a DC-DC converter for energy devices such as fuel 
cells. We propose essential factors for describing the relationship of the energy device and the DC-DC 
converter. First, we determine how the DC-DC converter improves the current supplying capability to an 
electrical load with a graphical analysis. Second, we explain the practical roles of a DC-DC converter by 
deriving precise and practical equations that quantitatively describe the relationships among the fuel cell, 
DC-DC converter, and electrical load. 
2. D-transformation 
9R
OWD
JH
9

&XUUHQW$
2SHUDWLQJSRLQW
VL
IL Iˆ
Vˆ
)V,I()Vˆ,Iˆ( LL 
E
DV0
D2R
IˆRDDVVˆ YW  
D
Fuel 
Cell VF
IF
DC/DC 
ConverterV
I
VL
IL
Vˆ
Iˆ
 
Fig. 2. (a) Fuel cell connected with a DC-DC converter;  (b) voltage and resistance transformation by converter operation  
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Two assumptions are used to qualitatively and quantitatively understand the practical role of DC-DC 
converters with energy devices. The first assumption describes the fact that the input and output powers in 
the converter are always equal. In other words, the input current and potential can be varied through the 
DC-DC converter, but electrical power, which is a product of current and voltage, cannot be varied. The 
second assumption is that a fuel cell I-V relation is expressed as a combination of the peak voltage and 
internal resistance. This assumption is derived on the basis of the piecewise linearization of a fuel cell 
polarization curve. 
Figure 2(b) illustrates the effect of the D-transformation. The vertical axis is the electrical potential of 
the fuel cell, and the horizontal axis is the current of the fuel cell. The vertical coordinate of intersection 
point is the peak voltage of the device, and the slope of the I-V characteristic curve is the resistance. The 
converter cannot produce an entirely new I-V characteristic curve from the fuel cell I-V characteristic 
curve. The basic form of an I-V characteristic for a fuel cell can be maintained after a D-transformation; 
however, the characteristic curve of a fuel cell can also be distorted by a D-transformation. When duty 
ratio ( ) changes, the over circuit voltage (OCV) and the internal resistance of fuel cell are 
multiplied by D and D2, respectively. When the operating voltage is fixed at a certain value, the 
intersection points of the operating voltage and D-transformed I-V characteristic curve represent the 
supplied current to the load (IL). The supplied current is conducted by D. When D decreases, a large 
supply current is allowed. These results reveal that the role of the converters is not only to adjust the input 
voltage of the devices to satisfy the load demand but also to adjust the current for the corresponding load 
demand. The role of the converter is defined in terms of two functions. First, the converter can distort the 
original I-V characteristic curve with D. Second, the converter can adjust the current by conducting with 
D as well as adjusting the voltage. 
2.1. Operation Modes 
Figure 3 shows the I-V characteristic curve of the device after a D-transformation for different 
converter types. The entire variation caused by the D-transform is described by a shift in the intersection 
point along the vertical axis of the graph to a lower position and a flattening of the slope. Thus, the slope 
rotates counterclockwise when D decreases.   
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Fig. 3. Determining of load currents at (a) constant-voltage mode operation; (b) constant-power mode operation 
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3. Computational Results 
The D is essential for understanding the relation between the device and the converter, as discussed in 
the previous section. Therefore, the variation of D for different load currents is analyzed graphically and 
mathematically. Figure 4 shows the current capability with D changing for different converter types. The 
current increases sharply from zero to the maximum current and slowly decays at the maximum current 
for all converter types. This result reveals several important facts for the converter. First, D always has a 
non-zero minimum value even if it has zero current. Second, the maximum current point and maximum D 
do not agree. For instance, the maximum D is one for a buck converter, but the maximum current point is 
less than one. Third, the current capability is high only for duty ratios in a certain region, which is from 
the minimum to the maximum current values. After D reaches the maximum current point, the current 
capability goes down. 
 
Fig. 4. Current capability with duty ratio variation (a) buck converter; (b) buck-boost converter; (c) boost converter 
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4. Conclusion and Summary 
In this study, the fundamental role of a DC-DC converter is studied on the basis of graphical and 
mathematical methods. The role of the DC-DC converter is to transform the I-V characteristic curves of a 
device to proper I-V curves for an application through duty ratio control. The D-transformation shows a 
different point of view of the converter that differs from conventional beliefs. Conventionally, the 
purpose of using a converter is believed to be for enhancing the reply characteristics of a device for an 
electrical load. This belief implies that the reason for choosing a converter is only related to the electrical 
load characteristics. Unlike conventional beliefs, our results indicate that the converter is more closely 
connected to the device. On the electrical load side, electrical power is delivered from the converter. 
Therefore, the voltage and internal resistance for the load are varied by the converter. In other words, the 
main function of the converter is to change the OCV and internal resistance of the device. In addition, the 
converter conducts current from the device for load demand by adjusting duty ratio D.  
This study suggests the best way to select the proper type of converter for various devices and 
applications. If the peak voltage of a device and the operating voltage of an application have been 
determined, the converter type can be chosen by comparing the two values. If the peak voltage of a device 
is two times larger than the operating voltage, a buck converter is appropriate for the application. In 
contrast, if the peak voltage is smaller than the operating voltage, a boost converter is appropriate for the 
application. For other cases, a buck-boost converter is appropriate for the application. 
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